Introduction
============

Nasopharyngeal carcinoma (NPC) is a very regional malignant head and neck cancer that has a much higher incidence in Southern Asia (25 cases per 100,000) than that in Europe and North America (0.5-2 cases per 100,000) [@B1]. The etiology of NPC is complex and generally includes genetic susceptibility, environmental factors (consumption of salted fish, preserved foods, Chinese herbs, heavy metal and alcohol), fungal infections and Epstein-Barr virus (EBV) infection [@B2]. This increased understanding has been accompanied with the discovery of a series of prognostic/predictive biomarkers for NPC, such as EBV-associated biomarkers, plasma RNA integrity, certain tumor suppressor genes and vascular endothelial growth factor (VEGF) [@B2]-[@B6]. Although these biomarkers play a key role in the diagnostics of NPC, the number of existing biomarkers is generally limited. Moreover, along with the improved cure rates in patients using current therapeutic methods, such as radiotherapy, chemotherapy, surgery and immunotherapy [@B7]-[@B11], the issue of long-term side effects remains problematic [@B12]. Therefore, the next challenge of NPC is to seek novel biomarkers for early diagnosis and highly biocompatible drugs for therapy [@B12]-[@B14].

Scavenger receptor class B type I (SR-B1), with a molecular weight of \~82 kD, is a membrane glycoprotein composed of 509 amino acids [@B15], [@B16]. It has been reported that SR-B1 is highly expressed in a variety of tumor cells of prostate, breast, colorectal and ovarian cancers [@B17]-[@B20]. Moreover, the overexpression of SR-B1 potentiates the binding to high density lipoprotein (HDL) and leads to a significant increase in the uptake of HDL-cholesteryl ester (CE) [@B21], an essential nutrient for malignant cell proliferation and metastasis [@B22]-[@B24]. Recent studies pointed out that the HDL level was negatively correlated with the risk of cancer development and metastasis [@B25]-[@B27]. For these reasons, we hypothesize that SR-B1 might be overexpressed in NPC.

Previously, we have reported a HDL-mimicking peptide-phospholipid scaffold (HPPS) nanocarrier that can selectively bind to SR-B1 expressing cancer cells with high affinities [@B28], [@B29]. As a key component of HPPS, apoA-1 biomimetic peptides not only enable HPPS to mimic the behavior of HDL but also are capable of inhibiting tumor growth and development *in vivo* [@B20], [@B30], [@B31]. Although HPPS has been loaded with various therapeutic drugs and imaging agents for theranostic applications [@B29], [@B32], [@B33], use of itself as an anti-cancer drug has never been explored. Besides, treatment with a dosage of 2000 mg/kg HPPS has not induced adverse effects in mice [@B32]. Thus, it might be interesting to explore HPPS itself as a biocompatible drug for SR-B1 expressing tumors.

This study aims to identify SR-B1 as a potential biomarker for NPC and testify the therapeutic efficacy of HPPS in treating NPC. This finding and establishment of a novel therapeutic approach would be expected to open up a new avenue for the diagnosis and therapy of NPC in clinical settings.

Materials and Methods
=====================

Cell Lines
----------

Immortalized nasopharyngeal epithelial cell line N2-Bmi1 was established by inducing oncogene Bmi1 overexpression in a normal nasopharyngeal epithelial cell line N2 as described preciously [@B5], and cultured in Keratinocyte/serum-free medium (Invitrogen). A highly differentiated NPC cell line (CNE1), five poorly differentiated NPC cell lines (CNE2, HONE1, HNE1 SUNE1and SUNE2), two cell subclones of SUNE1 (6-10B, low metastasis potential NPC cell line; 5-8F, high metastasis potential NPC cell line) and a human fibrosarcoma cell line HT1080 (SR-B1^-^) were cultured in RPMI 1640 (Invitrogen) containing 10% fetal bovine serum (FBS, Hyclone). The stable SR-B1 gene silenced NPC cell line 5-8F-shSR-B1 was generated by infection of 5-8F cells with the retroviral vector pRS (retro-super) (Oligoengine) containing SR-B1 short-hairpin RNAs (shRNAs). 5-8F-shSR-B1 cells were cultured in RPMI 1640 containing 10% FBS and 0.5 µg/L puromycin (Sigma). Sequences for shRNAs were as follows: CCATGACCCTGAAGCTCAT and GCTGAGCCTCTACATGAAA.

Western Blot Analysis
---------------------

Proteins in the immortalized nasopharyngeal epithelial cell line and various NPC cell lines were collected by using PIPA lysate (P0013C, beyotime). The concentrations of these samples were quantified by a Lowry Protein Assay Kit and 10 µg of protein was used for gel loading. GAPDH primary antibody and SR-B1 primary antibody (Novus Biologicals) were used at a dilution of 1:2000. The secondary antibody was used at a dilution of 1:4000. The next steps were performed as previously mentioned [@B5].

Real-Time RT-PCR Analysis
-------------------------

Total RNA from different cell lines was extracted using Trizol reagents (Gibco). cDNA was synthesized from 2.5 µg of total RNA using random hexamers. Real-time PCR was carried out using a sequence detection system (ABI PRISM 7500, Applied Biosystems). Reactions were run in triplicate in three independent experiments. The geometric mean of the housekeeping gene GAPDH was used as an internal control to normalize the variability in expression levels. A 10 µL reaction system was prepared according to the following components: 5 µL PCR mix (2×), 1 µL SR-B1 primer set (2.5 nM), 1 µL cDNA template, 3 µL sterile ddH~2~O, and total reaction volume 10 µL. The procedure of Real-Time PCR included a pre-denaturation step at 50°C for 2 min and 95°C for 5 min, followed by 40 cycles of denaturation at 95°C for 15 s, annealing and extension at 60°C for 30 s. Custom primers were purchased with sequence as follows: GAPDH, forward primer 5\'-GACTCATGACCACAGTCCATGC-3\' and reverse primer 5\'-AGAGGCAGGGATGATGTTCTG-3\'; SR-B1, forward primer 5\'-TCCTCACTTCCTCAACGCTG-3\' and reverse primer 5\'-TCCCAGTTTGTCCAATGCC-3\'.

Immunohistochemistry
--------------------

Twenty cases of fresh NPC biopsies were obtained from the Sun Yat-sen University Cancer Center (SYSUCC), and were prepared for frozen sections. Pathological diagnosis was verified by two different pathologists. Normal nasopharynx tissue samples were collected from 5 cases of healthy volunteers. For the use of these clinical samples, written Ethics Approval and Patient Consent from SYSUCC Research Ethics Committee were obtained. Briefly, the frozen sections were defrosted at room temperature for 10 min, fixed by acetone for 10 min and dried. Then the samples were washed with phosphate buffered saline (PBS) three times (3 min each), immersed in H~2~O~2~ for 20 min, and subjected to a second round of washing with PBS (three times at 3 min for each). The slides were blocked with 10% BSA in Tris-buffered saline (TBS) for 20 min at room temperature. Subsequently, frozen sections were exposed to the primary antibody diluted 50 times at 4°C for 16 h and washed with PBS. After that they were incubated with horseradish peroxidase (HRP)-conjugated secondary antibody that was dropwisely added at room temperature for 1 h. After three times washing with PBS, they were incubated in Diaminobenzidine (DAB) about 1 min. The stain intensity was monitored under the microscope. The specimens were then stained by hematoxylin, washed with water, cleared in xylene, sealed by neutral resin and observed using a microscope with an objective of 40 times.

Cell Growth Ability Test
------------------------

5-8F and 5-8F-shSR-B1 cells were seeded onto 96-well plates (2×10^3^ per well) with RPMI 1640 culture media containing 10% FBS. The culture media for 5-8F-shSR-B1 cells was additionally added with 0.5 µg/L puromycin. The average growth abilities of these cell lines were measured at a fixed time each day using a MTS kit (Promega), and the measurement lasted for 6 days.

Nanoparticle Synthesis
----------------------

The Fluo-BOA dye was synthesized as previously reported [@B29]. HPPS-CO and HPPS-(Fluo-BOA) were synthesized via a previously reported method. In brief, 2 mg DMPC and 0.3 µmol Fluo-BOA (MW: 565) or cholesterol oleate (CO) in 200 µL chloroform were mixed in a glass tube, and the mixture was dried under nitrogen gas streams for 1 h to form a uniform thin phospholipid film, which was further dried under vacuum for 1 h. Subsequently, 1 mL PBS (pH 7.5) was added to the dry film, which was vortexed for 10 s and sonicated at 48°C for 1 h. The resulting solution was then mixed with 2 ml R4F (Ac-FAEKFKEAVKDYFAKFWD; 2 mg/mL in PBS) to produce a transparent peptide-phospholipids solution, and stored at 4°C overnight. The mixture was then filtered and purified with a FPLC system (AKTA purifier 10, GE Healthcare) at a flow rate of 1 mL·min^-1^. Fractions collected from 55-65 min were concentrated with centrifugal filter tubes (30 kDa, Sartorius), sterilized and kept in the 4°C for further use.

Confocal Imaging
----------------

5-8F, 5-8F-shSR-B1 and HT1080 cells (1×10^4^/300 µL per well) were seeded onto an 8-well chamber slide. Cells were cultured at 37°C in a 5% CO~2~ incubator for 48 h, incubated with 10 µM HPPS-(Fluo-BOA) in 100 µL complete medium for 2 h, and washed with PBS for three times. After replacing the PBS with 100 µL medium, cells were imaged using a laser confocal microscope (FV1000, Olympus).

Flow Cytometry Analysis
-----------------------

5-8F, 5-8F-shSR-B1 and HT1080 (1×10^5^, 2 mL per well) were seeded onto a 6-well dish. Cells were maintained at 37°C in a 5% CO~2~ incubator for 48 h, incubated with 10 µM HPPS-(Fluo-BOA) in 2 mL complete medium for 2 h at the same condition, and washed three times with PBS. After the treatment with trypsin, cells were detached from the substrate and resuspended in 300 µL PBS, which was filtered through a 200 mesh screen (Nylon).

Wound Healing Assay
-------------------

5-8F and 5-8F-shSR-B1 were seeded onto a 6-well plate (1.5×10^5^ per well) to cover 90% area of the substrate on the next day, and hungered for 24 h. The cell monolayer was scratched by a tip (20 µL), washed three times with PBS, and cultured in the complete medium. Wounds were imaged on a microscope (IX71, Olympus) (4× objective) at different time points. The drug treatment groups followed the same procedure and the experiment was repeated three times.

Colony Formation Assay
----------------------

The 6-well plate was coated with 2 mL 0.6% soft agar in RPMI 1640 culture media supplemented with 10% FBS. Next, 5-8F cells that treated with PBS, HPPS-(Fluo-BOA), HPPS-CO and complex for 48 h were seeded onto 6-well plates, and cultured in 2 mL 0.3% soft agar in RPMI 1640 culture media supplemented with 10% FBS and each drug (concentration unchanged) at 37°C in a 5% CO~2~ incubator. 1 mL culture medium containing various drugs was added to the well on the next day. Cells were cultured for 14 days and the culture medium was changed every two days. Images were taken at 4× objective using a microscope (IX71, Olympus).

Mouse Xenograft Models and Anti-Tumor Therapy
---------------------------------------------

All animal studies were conducted in compliance with protocols approved by the Hubei Provincial Animal Care and Use Committee and the animal experiment guidelines of the Animal Experimentation Ethics Committee of Huazhong University of Science and Technology. Female 4-6 weeks Balb/C nu/nu mice were purchased from the Department of Experimental Animals, Hunan Slack King Laboratory Animal Co., Ltd. 2 ×10^6^ 5-8F cells in 100 µL PBS were implanted in back leg roots of nude mice. The tumor bearing mice were randomly treated as following groups: HPPS-(Fluo-BOA) (125 mg/kg dissolved in 300 µL PBS, concentration calculation was based on the content of phospholipids), HPPS-CO (125 µg/kg in 300 µL PBS), complex (125 µg/kg dissolved in 300 µL PBS) and PBS (300 µL). The treatment was conducted by tail vein injection every three days since the fourth day after implanting tumor cells. The body weight was recorded, and tumor size was measured with a micrometer on the day when tumor was implanted (day 0) and day 4, 7, 10 and 12. The tumor volume was calculated by the formula below: Tumor volume = 0.5 × Length × Width × Height.

In Vivo Whole Body Fluorescence Imaging
---------------------------------------

About 60 h after the last injection of 125 mg/kg HPPS-(Fluo-BOA) in 300 µL PBS, the mice treated with HPPS-(Fluo-BOA) were killed and imaged by using a home-made whole body imaging system. Filters for green fluorescence included the excitation filter (wavelength 469/35 nm) and emission filter (wavelength 538/40 nm) with an exposure time of 10 s. Filters for the elimination of background fluorescence included excitation filter (wavelength 434/17 nm), and emission filter (wavelength 538/40 nm) [@B34].

Statistical Analysis
--------------------

The two-tailed student\'s t test was used to analyze significant difference in experiment. A P value less than 0.05 was considered statistically significant.

Results
=======

SR-B1 is highly expressed in NPC cell Lines and pathological tissues
--------------------------------------------------------------------

SR-B1 expression at both the protein and mRNA levels in NPC cell lines, as well as SR-B1 protein expression in clinical tissue sections was investigated using western blot analysis, RT-PCR and an immunohistochemistry assay. As shown in Fig. [1](#F1){ref-type="fig"}A, western blot analysis revealed that SR-B1 was highly expressed in all the investigated NPC cell lines and had a weak expression in the epithelial cell line N2-Bmi1, and these results were consistent with the mRNA expression level (Fig. [1](#F1){ref-type="fig"}B). Among these cell lines, 5-8F cells had the most prominent SR-B1 expression level, which was slightly higher than HepG2 cells (data not shown), and thus were selected as a model for the following studies. Moreover, SR-B1 was found over expressed in 15 of 20 NPC tissue sections (75%) from patients, but lower in the stromal or non-cancerous epithelial cells (Fig. [2](#F2){ref-type="fig"}A [2](#F2){ref-type="fig"}B and [Supplementary Material](#SM1){ref-type="supplementary-material"}: Fig. S1). These results suggested that SR-B1 is a potential biomarker of NPC.

SR-B1 silencing affects cell motility in 5-8F Cells
---------------------------------------------------

In order to probe the effect of SR-B1 expression on the behaviors of NPC cells, several parameters (including SR-B1 expression, cell growth ability and cell motility) were compared between SR-B1 silenced NPC stable cell line (5-8F-shSR-B1) and 5-8F cells. Results showed that SR-B1 expression in 5-8F-shSR-B1 cells was slightly higher than that in HT1080 cells (SR-B1^-^), while showing a much lower level than 5-8F cells (Fig. [3](#F3){ref-type="fig"}A). The cell proliferation assay result indicated that 5-8F-shSR-B1 and 5-8F cells had no significant difference in growth ability (P\>0.05) (Fig. [3](#F3){ref-type="fig"}B). However, 5-8F-shSR-B1 cells showed reduced cell motility compared to 5-8F cells according to the scratch wound healing assay result (Fig. [3](#F3){ref-type="fig"}C), suggesting that SR-B1 expression level affects cell motility of NPC cells.

Selective uptake of HPPS by NPC cells
-------------------------------------

Next, HPPS nanoparticles were prepared, and their uptake abilities by NPC cells were investigated using confocal imaging and flow cytometry. HPPS nanoparticles could be formulated with a core cargo cholesterol oleate (CO) or a fluorescent dye Fluo-BOA, denoted as HPPS-CO and HPPS-(Fluo-BOA) (Fig. [4](#F4){ref-type="fig"}A), respectively. The purified HPPS-(Fluo-BOA) (18.53±0.43 nm) nanoparticles possessed similar size to HPPS-CO (18.32±0.63 nm) and could be directly applied for imaging and quantitative studies. Confocal images showed that 5-8F, 5-8F-shSR-B1 and HT1080 cells had differentiated uptake abilities to HPPS-(Fluo-BOA) (5-8F\>5-8F-shSR-B1\>HT1080), and this trend correlated well with their SR-B1 expression level, in which high-level expression of SR-B1 followed strong uptake abilities (Fig. [4](#F4){ref-type="fig"}B). The quantitative result showed that uptake of HPPS-(Fluo-BOA) by 5-8F cells was 4.4 and 2.1 times of that by HT1080 and 5-8F-shSR-B1 cells, respectively (Fig. [4](#F4){ref-type="fig"}C). In addition, cellular uptake of HPPS was 2-6 times as much as the lipid emulsion complex containing all components of HPPS only without R4F peptides with various concentrations, demonstrating the targeting role of R4F in the formulation ([Supplementary Material](#SM1){ref-type="supplementary-material"}: Fig. S2). Thus, selectively targeting to NPC cells could be achieved by using HPPS nanoparticles via SR-B1.

Inhibitory effects of HPPS on NPC cells
---------------------------------------

The effect of HPPS on NPC cell growth, cell motility and colony formation abilities were examined using a cell counting kit-8 (CCK-8), a scratch wound healing assay and a colony formation assay, respectively, taking PBS treated cells and the emulsion complex treated cells as control groups. Statistical analysis revealed that HPPS-(Fluo-BOA) and HPPS-CO had no significant impact on the viability of 5-8F cells with a concentration of 100 nM ([Supplementary Material](#SM1){ref-type="supplementary-material"}: Fig. S3). Next, we performed a scratch wound healing study under similar conditions. After 6 h of wounding, a large amount of cells that were exposed to PBS and complex had already migrated to the wound space, and these migrating cells became confluent at 24 h (Fig. [5](#F5){ref-type="fig"}). In comparison, HPPS-(Fluo-BOA) and HPPS-CO treated cells had slight migration at 6 h, and distinct gaps remained observable at 24 h post wounding, revealing that HPPS is capable of inhibiting NPC cell motility. Furthermore, the colony formation results showed that the effective colony number (diameters greater than 50 pixels) in HPPS-(Fluo-BOA) and HPPS-CO treated cells was 1.0% and 6.1% of that in PBS control, respectively, whereas this number was comparable to the PBS control for the complex group (78.6%) (Fig. [6](#F6){ref-type="fig"}A and [6](#F6){ref-type="fig"}B), demonstrating the effectiveness of HPPS in suppressing the colony formation of NPC cells.

In vivo anti-tumor efficacy of HPPS
-----------------------------------

To verify the inhibitory effect of HPPS on tumor growth, HPPS-(Fluo-BOA) and HPPS-CO were intravenously administered to nude mice using mice bearing 5-8F subcutaneous tumors, and PBS and complex treated groups were set as control groups. As shown in Fig. [7](#F7){ref-type="fig"}A, both treatment with HPPS-(Fluo-BOA) and HPPS-CO resulted in significant decreases in tumor size compared to the PBS control. In contrast, no significant difference was observed in tumor size changes between the complex and PBS groups, demonstrating the unique role of HPPS in suppressing tumor growth. Moreover, all these treatments did not lead to significant body weight changes compared to PBS group (Fig. [7](#F7){ref-type="fig"}B). Additionally, the tumor shape in HPPS-(Fluo-BOA) treated group could be directly imaged and monitored by fluorescence imaging (Fig. [7](#F7){ref-type="fig"}C). Finally, we did not observe substantial pathologic differences between HPPS and PBS treated groups according to the H&E stain, suggesting that the mechanism of inhibition of tumor growth by HPPS does not rely on the induction of tumor cell necrosis or apoptosis.

Discussion
==========

SR-B1 is a transmembrane protein that can specifically bind to HDL to facilitate cellular transport of cholesterol [@B35], an essential nutrient for malignant cell proliferation and metastasis [@B24], and its overexpression can effectively increase HDL binding and HDL-CE uptake. Moreover, SR-B1 is highly expressed in a variety of tumor cell lines [@B17]-[@B20], [@B36], [@B37]. As high expression of SR-B1 was observed in all investigated NPC cell lines in both mRNA and protein levels, and even in majority of clinically pathological tissue sections, we concluded that SR-B1 is a novel potential biomarker of NPC. Knockdown of SR-B1 expression was found not affecting cell growth ability, suggesting that it might not be a bona fide oncogene. As cell motility often has close relation with cellular cytoskeleton [@B38], it could be inferred that SR-B1 might be participated in cell cytoskeleton correlated physiological activities due to the observation that 5-8F-shSR-B1 cell line had reduced motility compared with 5-8F cells. On the other hand, current NPC biomarkers are generally used as diagnostic purpose and very few have been applied for therapeutic applications except some oncogenes, such as epidermal growth factor receptor (EGFR), a direct therapeutic target of NPC using anti-EGFR techniques [@B2], [@B10], [@B12], [@B19]. However, these biomarkers are seldom utilized for receptor mediated drug delivery for NPC treatment. In this regard, use of SR-B1 as a NPC biomarker has an attractive aspect that it has rich history in receptor mediated drug delivery in view of the strong binding affinity between SR-B1 and HDL nanocarriers [@B27], [@B39].

As HDL mimetic peptide, which is a key component of HPPS [@B29], is reportedly capable of inhibiting the development of colorectal cancer and ovarian cancer [@B20], [@B30], it is predictable that HPPS may exhibit similar function. Here, the inhibitory effect of HPPS on NPC cell growth was illustrated at the following two levels. At the cellular level, the cell motility (Fig. [5](#F5){ref-type="fig"}) and colony formation (Fig. [6](#F6){ref-type="fig"}C and [6](#F6){ref-type="fig"}D) were largely suppressed by HPPS. At the *in vivo* level, HPPS restrained the growth of NPC compared to the complex and PBS control groups. In addition, there was no significant difference in body weight change, which is in good agreement with a previous report that HPPS has excellent biocompatibility under the treatment of HPPS containing 2000 mg·kg^-1^ DMPC without affecting liver functions and blood biochemical parameters [@B32], making HPPS a relatively safe drug against NPC. Interestingly, the mechanism involved was not associated with tumor cell necrosis or apoptosis according to the H&E stain (Fig. [7](#F7){ref-type="fig"}D). We infer that the inhibition of NPC cell motility and colony formation abilities may contribute to the *in vivo* antitumor effect of HPPS. It is suggested that the anti-tumor role of HDL mimicking peptides may be contributed by reducing the plasma level of lysophosphatidic acid (LPA) [@B20], a proinflammatory lysophospholipid that facilitates cell migration, invasion and colony formation [@B40]. Recently, it is reported that HDL mimicking peptides are able to induce the expression and increase the activity of an antioxidant enzyme MnSOD to reduce the cellular oxidant state [@B41], thereby decreasing *in vivo* oxidative damage to exert anticancer effect [@B42]. More recently, another group highlighted the promotion of cellular cholesterol flux by synthetic HDL in the process of treating lymphoma [@B43], and this mechanism seems like a more plausible explanation for our case since cholesteryl oleate-loaded synthetic HDL nanoparticles (HPPS-CO) had slightly higher antitumor ability than fluorescent dye-loaded HPPS (HPPS-(Fluo-BOA)) (Fig. [7](#F7){ref-type="fig"}A). Despite these findings, most of these studies share the same view that severe toxicity and apoptosis are not involved [@B41], and the exact mechanism is still an unresolved issue to be illustrated.

The utilization of HPPS in NPC treatment may have more advantageous properties than HDL mimicking peptides in several aspects. Previously, we have reported that HPPS can be loaded with various cargos [@B28], such as NPC chemotherapeutic drug paclitaxel [@B32], small interfering RNA and photosensitizers [@B33], [@B44], and these approaches can be easily combined to achieve more potent therapeutic efficacy for NPC therapy[@B45], taking advantages of the high expression of SR-B1 in NPC cells and drug loading abilities of HPPS vehicles. Furthermore, HPPS has a long circulation time (\~15 h) in blood due to its nano-ranged size (\~20 nm) [@B29], and this may enable HPPS a much higher tumor accumulation than HDL mimicking peptides, which often have short biologic half-lives (several minutes) [@B46], [@B47]. Finally, as SR-B1 is highly expressing in some normal organs, such as liver and adrenal glands [@B16], [@B35], incorporation of additional targeting ligands (such as EGF) to HPPS is likely to further improve the therapeutic window for treating NPC [@B48], [@B49].

In summary, we identified SR-B1 as a potential biomarker of human NPC for the first time, and developed an effective and safe therapeutic approach against NPC by using HPPS nanovehicles. Our findings may shed new light onto the diagnosis and therapeutics of NPC.
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![SR-B1 expression level in NPC cell lines. a) SR-B1 protein and b) mRNA expression level in NPC cell lines and a nasopharyngeal epithelial cell line (N2-Bmi1).](thnov03p0477g01){#F1}

![SR-B1 expression level in NPC patients. a) Representative images of SR-B1 positive NPC tissue sections and normal nasopharynx tissue sections. The nuclei stained with hematoxylin are shown in blue staining and the SR-B1 appears grown. b) Percentages of SR-B1 positive NPC tissue sections in investigated NPC patients. Scale bar, 200 µm.](thnov03p0477g02){#F2}

![Effects of SR-B1 expression on NPC cell growth ability and cell motility. a) SR-B1 expression level in 5-8F, 5-8F-shSR-B1 and HT1080 cells. b) Comparison of the growth ability of 5-8F and 5-8F-shSR-B1 cell lines *in vitro*. No significant difference is found (P\>0.05). c) Cell mobility between 5-8F and 5-8F-shSR-B1. Data are representative of at least three independent experiments.](thnov03p0477g03){#F3}

![Selective uptake of HPPS by NPC Cells. a) A schematic diagram of HPPS-(Fluo-BOA). b) Confocal images and c) flow cytometry analysis of HPPS-(Fluo-BOA) uptake by 5-8F (SR-B1^++^), 5-8F-shSR-B1 (SR-B1^+^) and HT1080 (SR-B1^-^) cells (\*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001). Data represent mean of three independent experiments. (Scale bar, 20 µm).](thnov03p0477g04){#F4}

![Evaluation of mobilities of 5-8F cells treated with HPPS-(Fluo-BOA), HPPS-CO, complex or PBS. Data are representative of at least three independent experiments.](thnov03p0477g05){#F5}

![Colony formation of 5-8F cells treated with HPPS-(Fluo-BOA), HPPS-CO, complex or PBS. a) Bright field imaging and b) statistic counts of colony formation (\*\*P\<0.01, compared with control). Scale bar, 200 µm.](thnov03p0477g06){#F6}

![Evaluation of anti-tumor efficacy of HPPS on nude mice bearing 5-8F tumors *in vivo*. Real-time monitoring a) the tumor size and b) body weight changes on the mice treated with HPPS-(Fluo-BOA), HPPS-CO, complex, or PBS (n=6; \*\*P\<0.01, \*P\<0.05). c) A representative whole body fluorescent image of 5-8F-bearing nude mice treated with HPPS-(Fluo-BOA). d) Representative HE staining images of PBS and HPPS-(Fluo-BOA) treated tumor tissue sections.](thnov03p0477g07){#F7}
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